Effective stiffness of reinforced concrete section with lightweight blocks infill by Wahyuni, Ade et al.
From Materials to Structures: Advancement through Innovation – Samali, Attard & Song (Eds)
© 2013 Taylor & Francis Group, London, ISBN 978-0-415-63318-5
Effective stiffness of reinforced concrete section with
lightweight blocks infill
Ade Sri Wahyuni, Vanissorn Vimonsatit & Hamid Nikraz
Department of Civil Engineering, Curtin University of Technology, Perth, Australia
ABSTRACT: An experimental program has been conducted to explore the potential use of the developed
Lightweight Sandwich Reinforced Concrete LSRC section as beam members. The Autoclaved Aerated Concrete
(AAC) is used as infill in the LSRC section. Based on the tested beams, the flexural and shear strengths of LSRC
beams are found to be comparable with the strengths of the solid beams having identical height. ANSYS 12.1
was employed to develop nonlinear finite element models of LSRC beams. The beams modelled with ANSYS
followed the same trend as the actual beam in the elastic range, however after the first cracking the loss of
stiffness in ANSYS model caused greater deflection compared to the actual beam. It is obvious that after the first
crack the stiffness of sandwich section decrease because the lower elastic modulus of the combined materials.
Another investigation is made to compare the behaviour of an LSRC beam with a hollow beam subjected to
flexure failure. It is found that the stiffness decreases along with the decrease of the cross section of concrete.
The results of the deflections predicted by ANSYS are comparable with the deflection based on the stiffness
equation provided by Australian design code.
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1 INTRODUCTION
Sandwich construction is used in applications where
weight is critical. With fillers, the moment of inertia
of a sandwich panel increases resulting in a high ratio
of bending stiffness to weight. The bending stiffness
of a sandwich beam depends on its flexural rigid-
ity and shear rigidity (Gibson 1984). Wittrict (1945)
and Ackers (1945) believed that there was an opti-
mum core density which minimized the weight for a
given strength of beam. Research by Gibson andAshby
(1982) shows that elastic moduli are linearly related to
density when the cell walls deform axially, and they
are related to density squared or cubed when the cell
walls bended. Furthermore, the stiffness and displace-
ment of reinforced concrete structures are influenced
by the crack initiation and propagation of the structures
(Kara and Dundar, 2009).
This paper focuses on developing nonlinear finite
element model of LSRC beams with ANSYS to deter-
mine the loss of stiffness with the decrease of the cross
section of the concrete.
2 LSRC SECTION
The LSRC section is made up of reinforced concrete
filled with prefabricated AAC blocks in the region
where the concrete is considered ineffective under
bending. The LSRC members have weight saving ben-
efits and are easy to construct due to the lighter weight.
The construction method of LSRC members can either
fully precast, semi precast or cast in situ.
An experimental program has been conducted to
explore the feasibility of using LSRC as a beam mem-
ber. Three beams were prepared to investigate the
flexural of the LSRC i.e solid beam (SB1F), beam with
eight AAC blocks infill (LB1F) and beam with four
AAC blocks infill (LB2F). Based on the test result, the
flexural capacity was found to be almost identical to
the capacity of the equivalent solid beam (Vimonsatit
et al. 2012). Furthermore, four slabs were constructed,
one solid and three LSRC slabs. LSRC beams and
slabs during construction are as shown in Figures 1
Figure 1. Construction of LSRC beams.
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Figure 2. Construction of LSRC slabs.
and 2, respectively. The results show that LSRC slabs
exhibit similar behavior to the equivalent solid slab
(Wahyuni et al. 2012).
3 FINITE ELEMENT MODELLING
The concrete was modeled with solid65, which has
eight nodes with three degrees of freedom at each
node, i.e., translation in the nodal x, y, and z direc-
tions. The element is capable of plastic deformation,
cracking in three orthogonal directions, and crushing.
A link8 element was used to model the steel rein-
forcement. This element is also capable of plastic
deformation. Two nodes are required for this element
which has three degree of freedom, as in the case of the
concrete element. Discrete method was applied in the
modelling of the reinforcement and stirrups used in
the tested specimen. The two elements were connect-
ing at the adjacent nodes of the concrete solid element,
such that the two materials shared the same nodes. By
taking advantage of the symmetry of the beam layout,
only half of the beam in longitudinal direction has been
modeled in the finite element analysis.
3.1 Concrete
For concrete, ANSYS requires an input data for
material properties, which are Elastic modulus (Ec),
ultimate uniaxial compressive strength (f ′c ), ultimate
uniaxial tensile strength (modulus of rupture, fr),
Poisson’s ratio (ν), shear transfer coefficient (βt).
The modulus of elasticity of concrete was 32000 MPa
which was determined in accordance with AS 1012.17
(1997). Poisson’s ratio for concrete was assumed to be
0.2 for all the beams.
The shear transfer coefficient, βt , represents the
conditions of the crack face. The value of βt , ranges
from 0 to 1 with 0 representing a smooth crack (com-
plete loss of shear transfer) and 1 representing a rough
crack (i.e., no loss of shear transfer) as described in
ANSYS. The value of βt specified in this study is 0.4.
The numerical expressions by Desayi and Krisnan
(1964), Eqs. (1) and (2), were used along with Eq. (3)
(Gere and Timoshenko 1997) to construct the multi-
linear isotropic stress-strain curve for concrete in this
study.
where:
f = stress at any strain ε
ε = strain at stress f
εo = strain at the ultimate compressive strength f ′c
The concrete used was grade 40, having the com-
pressive strength of 43.3 MPa at 28 days. The strength
value of AAC blocks used in the model was 3.5 MPa.
The compressive stress at 0.3 of the compressive
strength was used as the first point of the multi-linear
stress-strain curve.
The crushing capability of the concrete was turned
off to avoid any premature failure (Barbosa and
Riberio 1998).
3.2 Steel reinforcement
All beams were provided with top and bottom longitu-
dinal bars, N20 bars were used as the bottom steel in
all beams with tensile strength at yield was 560 MPa
while the yield strength of R-bars which was used as
the top bar and the stirrup was 300 MPa. The steel
for the finite element models was assumed to be an
elastic-perfectly plastic material and identical in ten-
sion and compression. Poisson ratio of 0.3 was used
for the steel. Elastic modulus, Es = 200,000 MPa.
4 THE STIFFNESS COMPARISON BETWEEN
SOLID AND SANDWICH SECTION
It is obvious that after the first crack the stiffness of
sandwich section decrease because the lower EI of the
combine materials. An attempt was made to compare
between the sandwich sections with the hollow one, for
beam failed in flexure by modeling it with ANSYS. It
can be clearly seen that the stiffness decrease along
with the decrease of the cross section of concrete. The
graph for LSRC beam lay between the solid beam and
the hollow one. The lower modulus of elasticity of
AAC blocks influences the stiffness of the section.
5 CORRELATION OF LOAD-DEFORMATION
BEHAVIOUR WITH CODE PREDICTIONS
The four point test was adapted in this study. Figure 4
shows the span and load point arrangement of the
tested beams.
In order to predict the load-deformation behavior
for beam, the following deflection at midspan equation
was used:
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Figure 3. Load versus deflection showing the stiffness of
beams.
Figure 4. Four-point test arrangement.
where
 = Deflection at midspan (mm)
P = Load applied (N).
Ec = Modulus of elasticity of concrete (MPa).
Ief = Effective second moment of area (mm4).
 = Distance between the two supports (mm).
a = Distance between the load to the nearest support
(mm)
w = Uniformly distribution load.
From the code, the formula to determine Ief is given
as follows in clause 8.5.3.1:
where:
Icr = second moment of area of cracked reinforced
section
I = second moment of area of the cross-section
Mcr = bending moment causing cracking of the section
M ∗ = the design bending moment
The second moment of area of cracked reinforced
section can be determined using the formula derived
from analysis by transformed section. The formula is
as follows:
where:
Asc = the cross-sectional area of compressive rein-
forcement.
Table 1. Calculated EI Values based on Test Results.
Pcr Pu EIef  actual
Beam (kN) (kN) (Nmm2) (mm) (mm)
SB1F 20.545 76.848 5.34E+12 15.410 15.449
LB1F 23.321 79.436 5.11E+12 16.900 17.603
dsc = the distance from the extreme compressive fibre
of the concrete to the centroid of the compres-
sive reinforcement.
dst = do
The moment in the midspan can be calculated by
The effective second moment of area (Ief ) of a
reinforced concrete beam section after cracking has
occurred lies in the range of:
The sectional stiffness varies according to the follow-
ing condition:
– If M < Mcr , the stiffness is EcIg
– If M ≥ Mcr , the stiffness is EcIef
Table 1 shows the EIef values for the tested beams.
Equation (5) was used to determine the Ief . The M and
Mcr are derived from equation (7) by referring to the
Pu and Pcr of the beam from the experimental investi-
gation. For solid beam, w (uniformly distributed load)
was calculated by multiplied the area of beam cross
section with density of concrete (2400 kg/m3). For
LSRC beam, the AAC cross section was multiplied by
theAAC density (550 kgm3) and adds with the remain-
ing concrete multiplied by its density. The deflection
 can be determined after knowing the value of EIef .
Once the crack occurs in concrete, the EIef in the
sandwich section will be influenced by the modu-
lus of elasticity of both concrete and AAC blocks.
In this study it is calculated based on the percentage
of concrete and AAC blocks volume available in the
sandwich section.
The difference of EIef of the solid beam to LSRC
beams is about 4.5%. This hand calculation agrees
well with the experimental results.
Based on the assumption used to calculate the
stiffness, as described above, the predicted deflection
of LSRC beam is lower than the actual deflection
obtained from the test results. Further investigations
are required to investigate the effect of AAC blocks on
the stiffness of concrete section when used as infill
in the section. In the present work, the difference
between the predicted and the test results is small so
the assumption used is considered acceptable.
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6 CONCLUSION
The calculation of the effective stiffness of LSRC sec-
tion is made from the load-deflection relationship from
the experimental results. The calculated stiffness is
then used to recompute the beam deflection which
compares well with the test results. Based on this study
the following conclusions are drawn:
1. The stiffness of the beams decrease along with
the decrease of the cross section of concrete due
to lightweight blocks infill. The difference of the
effective stiffness between the tested solid beam
and LSRC beam is below 5%.
2. The results of the deflections from the experimen-
tal investigation are comparable with the deflection
prediction based on stiffness equations provided by
Australian design code.
3. For a more conservative prediction of the deflec-
tion of LSRC beams, more works are required to
further modify the stiffness equation of a reinforced
concrete beams with AAC blocks infill.
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